evolutionarily conserved in these two related proteins, which exhibit ‫%06ف‬ identity in their PTB domains.
To understand the basis for selective recognition of peptides with an unphosphorylated tyrosine at the 0 position, we determined the structure of the Dab1 PTB domain in complex with a 14-residue peptide from the ApoER2 cytoplasmic tail. The structure of the complex, determined at 1.5 Å resolution, indicates how this PTB domain selectively binds peptides with the φxNPxY consensus sequence and why unphosphorylated tyrosine is preferred. The structure of the PTB domain-peptide complex also reveals the presence of a basic patch on the surface of the PTB domain on the face opposite the peptide binding groove; by soaking PTB-peptide cocrystals in PI-4,5P 2 , we also determined the site of PI-4,5P 2 binding within this patch in a ternary complex.
Results and Discussion
Primary sequence alignment and secondary structure prediction indicated that the region of homology between Dab1 and known PTB domains extends from residue 23 to 174. The construct chosen for production of the Dab1 PTB domain in bacteria spanned residues 20-175 (Dab1 PTB domain hereafter) to ensure inclusion of the entire domain with minimal flexibility at either terminus ( Figure 1A ).
Because this Dab1 PTB domain polypeptide differs at both termini from other previously studied Dab1 constructs [9, 15], we first verified that our purified Dab1 PTB domain associates with peptides derived from the cytoplasmic tails of ApoER2 and VLDLR in a pull-down assay. When glutathione beads are loaded with GST fusion proteins displaying either the ApoER2 or VLDLR peptide, the Dab1 PTB domain is indeed recovered with the beads, whereas it is not pulled down by GST alone ( Figure 1B by the Dab1 PTB domain, we solved the crystal structure of this complex by multiwavelength anomalous disperdomain (M65 and M66) alone failed to provide enough phasing power to solve the structure. sion (MAD) to 1.5 Å resolution (Figure 2A ; Table 1 ). The phase information was derived from selenomethionineThe Dab1 PTB domain exhibits a canonical PTB fold, in which seven central ␤ strands form two antiparallel, substituted Dab1 harboring an L87M mutation because the two consecutive native methionines of the Dab1 PTB near-orthogonal ␤ sheets, capped by a long C-terminal In contrast, the corresponding loop connecting ␤6 motif. In that model, which is of high structural quality All diffraction data were collected at 100 K after slow transfer of the the protein was dialyzed exhaustively against a solution of 10 mM crystals into mother liquor to which 5% PEG400 had been added Na 2 HPO 4 buffer (pH 6.8) containing 150 mM NaCl and 5 mM DTT.
for cryoprotection. A native data set to 1.5 Å was collected at the Cornell High Energy Synchrotron Source (Cornell University) with GST Pull-Down the F1 beamline with an ADSC Quantum4 CCD detector. A second The cytoplasmic tails of ApoER2 (ApoER2-C) and VLDLR (VLDLR-C) data set was also collected to 1.8 Å with a selenomethionine crystal were expressed as GST fusion proteins with a modified version of from the L87M protein with a rotating anode source (Rigaku RUthe pGEX-4T-1 vector (Pharmacia) that harbors a TEV protease site 200EBH) with a mar300 Image Plate Detector (mar research). Oscillabefore the polylinker. The GST-fusion proteins, as well as GST alone, tion images were indexed and integrated with DENZO [39] , and the were expressed in E. Coli BL21(DE3) cells by induction with IPTG.
intensities were scaled and merged with the program SCALEPACK Cell were lysed by sonication in buffer A. The lysates were gently [39] . The same L87M crystal was used to collect diffraction data agitated together with glutathione-Sepharose beads (Pharmacia) to to 2.0 Å at three wavelengths for MAD phasing at the National permit binding of the GST fusion proteins. After three washes with Synchrotron Light Source (Brookhaven National Laboratory) with 10 mM Na 2 HPO 4 (pH 7.5), 150 mM NaCl, 5 mM DTT, and 0.5% NPthe X12C beamline with a B4 CCD detector. MAD data were pro-40 (buffer B), glutathione-Sepharose beads loaded either with GSTcessed with the HKL2000 program suite [39] . The scaled intensity ApoER2-C, GST-VLDLR-C, or GST alone (10 l) were gently rocked data from the three MAD wavelengths were input into the program in the presence of the purified Dab1 PTB domain (10 M) in buffer SOLVE [40] to locate heavy atom sites. Two selenium sites were B (1.0 ml) for 2 hr at 4ЊC. The beads were recovered by centrifugation, located, and the phases generated by SOLVE were refined with washed three times in buffer A (1 ml), and resuspended in 50 l of RESOLVE [40] 
